Spectrum of Pig-a mutations in T lymphocytes of rats treated with procarbazine.
Procarbazine is a primary component of antineoplastic combination chemotherapy often used for the treatment of Hodgkin's lymphoma. It is believed that cytostatic and cytotoxic properties of procarbazine are mediated via its interaction with genomic DNA. Procarbazine is a carcinogen in animal models; it is classified as Group 2A compound by IARC. Also it is known as an in vitro and in vivo mutagen and genotoxicant. However, the molecular mechanism by which procarbazine induces mutations is not thoroughly understood and the spectrum of procarbazine-induced in vivo mutations is described insufficiently. We employed flow cytometry-based erythrocyte and T lymphocyte assays in order to quantify the frequencies of cells deficient in glycosylphosphatidyl inositol-anchored surface markers CD59 and CD48 (presumed mutants in the endogenous X-linked Pig-a gene) in rats. The rats were treated once daily with 100 mg/kg procarbazine HCl for 3 days. In addition, we sorted mutant-phenotype spleen T cells and immediately analysed their Pig-a gene using next generation sequencing of dual-indexed multiplex libraries and error-correcting data filtering. More than 100-fold increase in the frequencies of CD59-deficient RBCs was observed at Day 29 after the last administration, and a 10-fold increase in the frequency of CD48-deficient T cells was observed at Days 45 to 50. Sequencing revealed that, in T cells from procarbazine-treated rats, mutations in the Pig-a gene occurred predominantly at A:T basepairs when A was located on the non-transcribed DNA strand. A→T transversion was the most common mutation. Our results suggest that, at least for the transcribed X-linked Pig-a gene, in vivo methyl guanine adducts are not the major contributors to mutations induced by procarbazine.